Lymphatic absorption of docosahexaenoic acids (DHA) given as monoglyc eride (MG), consisting of 1(or 3)-species (91.4%), 2-species (4.2%) and diglyceride (DG) con sisting of 1,3-species (70.8%), 1(or 3),2-species (28.6%), were investigated in comparison with that of triglyceride (TG) and ethyl ester (EE). Rats were infused with a lipid emulsion containing 200mg of DHA-MG, DG, TG, or EE via a gastric cannula. Lymph was collected through the thoracic lymph duct at 2h intervals for 10h and at a single collection from 10 to 30h. Physiological saline containing glucose was infused (2mL/h) throughout the lymph collection. The overall recovery of DHA at 30h after its infusion was significantly higher in the rank order DHA-MG>DG>TG=EE. Moreover, time-dependent changes in re covery rates from 2 to 10h of DHA given as MG were significantly higher than those of the corresponding DG, TG, and EE. These results indicate that DHA-MG and DG are absorbed and transported more effectively than TG and EE forms under restricted water supply, even if they mainly consist of 1(or 3)-species. Lymph lipids were mainly transported as TG, and a large amount of DHA was incorporated into a TG fraction in all fat types examined. Furthermore, the intramolecular distribution of DHA in lymph TG was similar in all groups. Key Words docosahexaenoic acid, monoglyceride, diglyceride triglyceride, ethyl ester Long-chain n-3 highly unsaturated fatty acids (HUFA), such as eicosapentaenoic (EPA) and docosa hexaenoic (DHA) acids, are known to have several im portant physiological and pharmacological functions (1, 2). In vitro studies have demonstrated that n-3 HUFA may exhibit resistance toward hydrolysis in the gastrointestinal tract (3, 4), and it has thus been specu lated that DHA in triglyceride (TG) may not be effi ciently digested and absorbed. Most dietary TGs are di gested into fatty acids and 2-monoglyceride (MG) mainly by the sn-1, 3 specific pancreatic lipase. They are absorbed into intestinal mucosal cells and resynthesized to TGs, which are assembled into chylomicrons and se creted into lymph. Recent studies showed that the lutes tinal absorption of DHA and EPA given as ethyl ester (EE) was lower than seen in the case of TG or free acid (5, 6). It was also reported that the absorption of DHA and EPA at the sn-1,3 positions of TG was lower than when these acids were esterified at the sn-2 position of TG (7-9). These results suggest that in the case of a sin gle injection, the absorption of DHA might be limited by lipase hydrolysis in vivo. In infants (10) and patients with pancreatic dysfunction (11), a disorder of diges tion and the absorption of HUFA-containing TG was suggested because of the insufficient secretion of pan creatic lipase. From this point of view, we thought that
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the MG or diglyceride (DG) type of lipid molecules con taining DHA might be favorable in terms of absorption and utilization efficiency. The purpose of this study was to compare the absorption of DHA given as MG, DG, TG, and EE forms by the direct measurement of DHA in the lymph of the thoracic duct cannulated rats with the re striction of water supply to 2mL/h. Because under this condition the secretion of lymph is insufficient and the absorption of DHA is retarded, the effects of the glyc eride structure on the absorption of DHA will be clearly demonstrated. well under the sufficient water supply (6, 7), the recov ery of DHA of TG in the present study was poor as a re sult of the restricted water supply. The lipid composition of lymph lipids collected during 2-10h after the infusion of test emulsions is shown in Fig. 2 . The lymph lipids were mainly transported as TG regardless of the lipid type. MG and DG were not de tectable or traced in lymph, even after these lipids had been administered. The proportion of lymph lipids transported as PL was significantly higher in the DHA DG, TG, and EE groups than in the DHA-MG group. The ratio of Chl-E fractions in the total lipids was not signifi cantly different among the four DHA groups. Fatty acid compositions of major lipid classes in lymph lipids collected during 2-10h after an infusion of the test emulsions are shown in Tables 3-5. The DHA content by mol% tended to be highest in the TG fraction and lowest in the Chl-E fraction, irrespective of adminis tered lipid molecules. In all lipid classes, palmitic acid, stearic acid, oleic acid, linoleic acid, and aracidonic acid were the major endogenous fatty acids that were not in cluded in administered lipids; in particular, stearic acid, oleic acid, and aracidonic acid concentrations differed with lipid classes.
MATERIALS AND METHODS

Preparation
When DHA was given in any form, DHA (5 7-65%) tended to be at the sn-1,3 position of TG in lymph that was collected 2-10h after infusion (Fig. 3) . In contrast, linoleic acid was mainly esterified in the sn-2 position regardless of the injection form (Table 3) .
DISCUSSION
In the present study, rats were administered the emulsion containing DHA-MG or DG mainly composed of sn-1,3-species under the restriction of water supply.
These lipid molecules are considered to be cleaved to fatty acids and glycerols by the sn-1,3 specific lipase, and no 2-MG will be formed. Therefore the absorbed fatty acids are suggested to be reconstituted to TG ex clusively through the glycerol-3-phosphate pathway.
On the other hand, most fatty acids in the dietary TG are absorbed and reconstituted to TG via the 2-mono glyceride pathway. Since the 2-monoglyceride pathway is more active than the glycerol-3-phosphate pathway in the intestinal mucosal cells (18), it is possible that sn 1(3)-MG and sn-1, 3-DG would rather be less absorbable than the TG form. Murata et al. (19) have shown that an intragastric infusion of an emulsion containing DG mainly consisting of 1,3-species, which had been syn thesized by fatty acids from rapeseed oil, significantly retarded the lymphatic transport of TG and cholesterol in rats compared to that containing rapeseed oil TG. But in the present study, when DHA was given as a sole fatty acid, the lymphatic recoveries of DHA given in the form of MG and DG were significantly higher than that of TG and EE. Especially, the overall recovery rates of DHA given as MG were about twofold higher than those of the corresponding TG and EE. In rapeseed oil, oleic acid (about 60%) and linoleic acid (about 20%) were the chief constituent fatty acids. They are quickly di gested and absorbed almost quantitatively under nor mal conditions. In this case, because the lack of 2 -monoglyceride on resynthesis of triglyceride may be rate limiting, the absorption rate of sn-1,3-DG would be lower than that of TG. But it has been reported that the activity of pancreatic lipase on esters of long-chain HUFAs, such as DHA and EPA, is less prominent, and the action of carboxylesterase may be more important in the hydrolysis of glycerides comprised of these fatty acids (20, 21) . Thus in DHA-containing lipid mole cules, the relative importance of enzymes involved in di gestion processes may be different from other common fatty acids, and DHA-TG (tridocosahexaenoin) is then not efficiently digested. For this reason, DHA-MG and DG were absorbed more effectively than the TG and EE forms, even if most fatty acids of MG or DG are distrib uted at the sn-1 or sn-3 position, as in this study. On the other hand, a possible reason for the poor recovery of DHA given as TG or EE was the restriction of water. In the present study, water is supplied only through a stomach tube at 2mL/h. Since the lymph flow was in When DHA was given as sn-1(3)-MG, sn-1,3-DG, or EE, most TG containing DHA in chylomicron would be synthesized in intestinal mucosal cells via the glycerol 3-phosphate pathway. Because this pathway is also the predominant pathway for synthesizing PL in chylomi cron (22) , it could be expected that DHA in these forms, compared with the TG form, was efficiently incorpo rated into PL fractions in lymph lipids. However, a large portion of DHA administered was distributed in the TG fraction, regardless of the structure of administered lipid molecules. Thus the structural differences in the DHA containing lipids were not reflected in the distribution of DHA in the lipids of lymph chylomicrons in this experi ment. 
